The debate that language strongly influences thought is equally met by those who suggest language does not influence thought. While historically, the ability to communicate with words was believed to be intimately tied to an ability to form thoughts, we would argue that thought and language are linked together through our sensory and motor systems and severely impacted by depression and apathy. We test this by conducting parts of speech analysis from the comparative longitudinal studies of two highly creative and prolific writers, where one is diagnosed with Alzheimer's disease (AD), and the other lives a long and healthy life. We calculate function and contents word ratios, measure lexical repetition, and the use of sensory-based words in textual language to test for depression and apathy in AD which is supported by MannWhitney U-Testing and Principal Component Analysis. Our results support the hypothesis that thought and language are impacted by depression and apathy and revealed in a person's writing style 12 years before a formal diagnosis of Alzheimer's disease presents. We find higher lexical repetition in language 12 years prior to one author being diagnosed with AD while not apparent in the other. We identify low olfactory word use and also find that an increased use of sensory-based adjectives might be a sign of the early onset of Alzheimer's disease.
Introduction
The debate over the notion that language strongly influences thought is met How to cite this paper: Kernot, D., Bossomaier, T., & Bradbury, R. (2017) . The Impact of Depression and Apathy on Sensory Language. Open Journal of Modern Linguistics, 7, equally by those who argue that language does not influence it, but historically, language was thought to be tied to an ability to form thoughts (Wicklund, Johnson, & Weintraub, 2004) . Some believe that language and thought are combined to modify language and thought further (Ammar & Gohar Ayaz, 2016) . Others suggest human language is an instrument of thought and communicates the attributes of human culture (Lieberman, 2016) , or that language allows us to share the knowledge and experiences of others to increase our mental resources (Corballis, 2016) . Through this embodied cognition, our concepts are grounded in our sensory and motor systems to develop new abstract representations (Jamrozik et al., 2016) . We would argue that the way we think comes through clearly in the multimodal sensory elements of our language, and that these aspects of language (such as through sound and visual body language cues) impact on thought, but that disease impacts these.
While thought strongly influences language, depression and apathy severely impact thinking, as seen in dementia. There is a close link with depression in dementia, and apathy and depression are the most frequent neuropsychiatric symptoms in one type of dementia, Alzheimer's disease (AD) (Robert, Bremond, & David, 2016) . In a different kind of language-based dementia, known as Primary Progressive Aphasia (PPA), patients who could not find the right words to express their thoughts, could still demonstrate they could think clearly (Fedorenko & Varley, 2016; Wicklund, Johnson, & Weintraub's, 2004) . While language in PPA is a prominent dysfunction for the first two years of the disease, Alzheimer's disease comes to medical attention because of forgetfulness, usually accompanied by apathy, but not from language dysfunction (Mesulam, 2003) .
Personal identity persists far into the end stage of the disease (Sabat, & Harré, 1992) , while apathy is characterized by reduced motivation, social disinterest, and emotional blunting in the absence of mood-related changes (Chau et al., 2016) .
If writing is the ability to think and put language on paper or some other visual mediums, then the impact of depression and apathy on thought and language might be measurable, but this concept is not new. The idea that cognitive decline in Alzheimer's disease is visible in writing appeared in Snowdon et al.'s (1996) findings of a longitudinal study of 678 Catholic sisters. Known as the Nun Study, researchers were able to correlate post-mortem markers for AD in the sister's brains to the density of ideas (from Kintsch & Keenan, 1973 and Turner & Greene, 1977) expressed in sentences using Parts of Speech (POS) Tag analysis.
Idea density uses elements of language, verbs, adjectives, adverbs, prepositions, and conjunctions divided by the number of words to create a measure of cognitive ability (Brown et al., 2008) . Garrard et al. (2005) were also instrumental in highlighting Alzheimer's disease through changes in writing and used a different approach which included some other elements of language (nouns, verbs, adverbs and adjectives and function words, e.g., conjunctions, and pronouns) to create word lists. As Arefin et al. (2014) and Ferguson et al. (2014) point out: the study of the subtle language changes over the lifespan of well-known writers (Lancashire, 2010) , including Iris Murdoch and Agatha Christie (e.g. Garrard et al, 2005; Van Velzen & Garrard, 2008; Lancashire & Hirst, 2009; Le, 2010; Le et al., 2011) and political figures (Garrard, 2009) has highlighted that Alzheimer's disease may be apparent years or even decades before anyone becomes aware of any symptoms of cognitive deterioration. A recent study suggests that Alzheimer's disease can be seen in people's writing 10 -12 years before the disease is diagnosed (Rajan et al., 2015) . To test the hypothesis that thought and language are impacted by depression and apathy and revealed in a person's writing style 12 years before a formal diagnosis of Alzheimer's disease presents, we draw on earlier studies of AD.
We use the novels of Iris Murdoch and P.D. James, however, we use a larger, more complete set than previously used by Garrard et al. (2005) and Le et al. (2011) . We use broader Parts of Speech analysis techniques, and we also use a new analytical technique from sensory adjectives, to determine what can be seen in language from the impact of depression and apathy in the early onset of Alzheimer's disease.
Methodology
In this section, we describe the two underlying concepts of the method, Richness and Sensory Adjectives, and what is done with the data in the pre-processing stage to visualise markers for depression, apathy, and Alzheimer's disease in language.
Richness (R)
Richness Equation (1) is based on Menhinick's (1964) species diversity equation, and for two documents of the same length, the one with more different (unique) words -a larger vocabulary -has greater richness. The Richness score can be determined by:
where w = number of unique words in the document, and N = the total document word count.
There are theoretical limitations to this equation, and the size of documents must be carefully controlled to avoid artifacts. Eventually, the value will reach an asymptote as no new words are found. Near that point, the larger the document size, the smaller the Richness score will be (0 as N → ∞ ).
The type-token ratio (TTR) can also be considered a variant of the species diversity equation, and is text size dependent, however, it is a popular metric, and we mitigate any size impacts and avoid issues near the asymptote of word counts by keeping all the samples of each novel of equal size and at 4000 words, well below 10,000 where other techniques perform better; further, we use Richness as part of a larger multivariate technique (Juola & Mikros, 2016; Kimura & Tanaka-Ishii, 2014; Kubát & Milička, 2013; Tanaka-Ishii & Aihara, 2015; Van Gijsel, Speelman, & Geeraerts, 2005; Vermeer, 2000) .
Sensory Adjectives (S)
While apathy is characterised by reduced motivation, social disinterest, and emotional blunting in the absence of mood-related changes, it has been associated with low norepinephrine levels in the brain (Chau et al., 2016) . In the following paragraphs, we describe the link between apathy and depression in people to different levels of norepinephrine in the brain, and how it might be apparent in sensory processing and impact the sensory language of Adjectives. Many mental disorders have also been associated with alterations of neurotransmitters in the brain (Heilman, Nadeau, & Beversdorf, 2003; Nonen et al., 2016; Sun, Hunt, & Sah, 2015; Szot, 2016) , and the neurotransmitter, norepinephrine, has been seen to be lacking in depressed suicide victims (Khan et al., 2016; Klimek et al., 1997; Ramirez, 2016) . Norepinephrine levels have also been linked to studies on creative people, where a reduction in their aural sensory processing, known as sensory gating is tied to the neurotransmitter, while creative achievers have shown "leaky" sensory gating because they simultaneously focus on a large range of stimuli (Zabelina et al., 2015) . They have low levels of norepinephrine which increase the size and distribution of the brain's concept representations. Their ability to modulate the frontal lobe-locus coeruleus system and reduce norepinephrine levels leads to the discovery of novel orderly relationships, or creative innovation (Heilman, Nadeau, & Beversdorf, 2003) . Other creative people, divergent thinkers, on the other hand, reduce sensory gating, which is also a marker of psychosis, including schizophrenia (Zabelina et al., 2015) . They have high levels of norepinephrine that restricts their concept representations (Heilman, Nadeau, & Beversdorf, 2003) , and therefore their sensory processing narrows to focus tightly on the task at hand. Here, thought influences ideas and modifies aspects of the sensory cortex that feeds language. The brain processes many Sensory (S) words as sight/feel and smell/taste word categories (Lynott, & Connell, 2009 ). Adjectives are used over verbs or nouns because they appear more frequently, and their context is not necessary. These 774 sensory-based adjectives (van Dantzig et al., 2011) are recorded in two different contexts to assess the dominant visual (V), auditory (A), haptic (H), olfactory (O), or gustatory (G) modality. These sensory words are allocated a modality exclusivity score that reflects the brain's Representational System (Fernandino et al., 2015) , and can be used to capture the sensory gating biomarker characteristics of a person. There are five sensory categories, one each for V, A, H, O, G. If we let the number of words in each sensory category, i, be i ϕ and i ϑ is the exclusivity value (see van Dantzig et al., 2011 for values) and N k be the number of discrete word score, then the weight, or exclusivity score for each category then the Sensory score Equation (2) can be determined by:
( )
Sensory adjectives
where k N ∑ = 774, and D is the number of words in the document, and k = 1 -5.
The overall Sensory adjectives (S) score is calculated by summing the five sensory categories.
Preparing the Text
A collective corpus of 180,000 words contains a 104,000-word sample from 26
Iris Murdoch novels and a 76,000-word sample from 19 P.D. James novels (see Table 1 and Table 2 ). The 4,000-word novel sample is from the first 3,000 words and the last 1,000 words. Generally, in a novel, this is where characters, rich in setting and plot, are introduced and at the end, a conclusion of the general novel 'problem' has been resolved and summarised. We process the files with the Stanford Parts Of Speech (POS) Tagger (Toutanova & Manning, 2000) and remove all stop words (punctuation) before achieving each 4000-word sample per 
Results
In this section, we begin by testing for markers within the Richness (R) of lan- 
Testing for Alzheimer's Disease Markers in Richness
Alzheimer's disease is apparent through lexical repetition, marked by smaller, higher frequency vocabulary (Garrard et al., 2005) , and can be seen in people's writing 10 -12 years before the disease is diagnosed (Rajan et al., 2015) . Iris
Murdoch was diagnosed with Alzheimer's disease in 1997 (aged 78), and she died two years later in 1999, just four months before her eightieth birthday, and a post-mortem confirmed the Alzheimer's disease (Garrard et al., 2005) . P.D.
James was not diagnosed with Alzheimer's disease or dementia and died in 2014
(aged 94).
From Richness, the total mean of Iris Murdoch's writing is 29.5, while P.D.
James' is slightly higher at 31.9, suggesting there is less lexical repletion than Iris To test this, we conduct a Mann-Whitney U-Test on the Richness scores. In this hypothesis testing for differences in a person's writing style, we use the Mann-Whitney U-Test because it is a non-parametric independent groups test.
In this case, the total sample size for Iris Murdoch is 26, with the group sizes of 21 and 5, and for P.D. James, the total sample size is 19 with the group sizes being 15 and 4. This test is ideal for unequal group sizes that are small, have dissimilar variances, and a distribution that is not normal (Burns & Burns, 2012) .
We find significant differences in the lexical repetition of Iris Murdoch's works (see Table S1 and Table S2 in Supplementary Data) during the writing period 1984-1996, 12 years before her diagnosis when compared to the earlier period of writing 1954-1983 (U = 12.5, p = 0.009). There are no significant differences in the lexical repetition of P.D. James works (see Table S3 and Table S4 in 
Content and Function Word Analysis
It is generally understood that while the ratios of different word types is rela- Table S5 for Iris Murdoch and Figure S1 and Figure S2 in Supple- Figure S3 and Figure S4 Table S5 in Supplementary Data) and do the same for P.D. James (from Table S6 in Supplementary Data).
These results in Iris Murdoch's writing (Figure 1 Words by Iris Murdoch (U = 24, p = 0.028) 12 years before her diagnosis of AD (see Table S7 and Table S8 in Supplementary Data). As we would expect in a person without dementia or AD, there is no significant difference for P.D. James (U = 17, p = 0.194) 12 years before her death (see Table S9 and Table S10 in Supplementary Data).
Testing for Sensory Alzheimer's Disease Markers
Many sensory words are processed by the brain as sight/feel and smell/taste word categories (Lynott & Connell, 2009 ), and we use a group of 387 sensory adjectives and allocate them a modality exclusivity score that reflects the brain's Representational System (van Dantzig et al., 2011) . These sensory words can be used to capture the sensory gating biomarker characteristics of a person (Fernandino et al., 2015) to create a unique signature of their inner self.
Examining the Sensory variable, we find that there is no overlap in the Standard Errors, and the mean is higher in the last 12 years (see Figure 3) . P.D.
James' Sensory variable 12 years before her death show a lower sensory score, and the Standard Errors also do not overlap (see Figure 4) . Overall, Iris Murdoch's Sensory mean is slightly higher than P.D. James (0.022 versus 0.018).
These results are supported by the Mann-Whitney U-Tests, which show that there is significant differences in the use of Sensory Words by Iris Murdoch (U = 18, p = 0.011) 12 years before her diagnosis of AD. This is also true of P.D. James (U = 7, p = 0.021) 12 years before her death (refer detailed results Table S11-S14 in Supplementary Data), but in P.D. James' case, her use of Sensory Words is lower, not higher.
Overall, these observations are further supported in the underlying five sen- Olfactory Standard Errors. In contrast, all of P.D. James Visual, Auditory, Haptic, Olfactory, and Gustatory (VAHOG) elements were lower in the 12 years before her death, and there were no overlaps in the Standard Errors (see Figure   S5 -S14 in Supplementary Data).
To support the sensory observations, we conduct Principal Component Analysis on the VAHOG elements. We measure the total percentage of variance these elements contribute to the overall extracted components and then iteratively remove and replace them to determine the impact that each one has on the total component's variation. We find that except for the Olfactory element, the results are relatively similar across V, A, H, & G for both Iris Murdoch and P.D. James (see Table 3 ). In the case of the Olfactory element, we see a large, negative impact from its removal, highlighting the significant contribution, and therefore difference, which this element plays within the Iris Murdoch data. Alzheimer's disease impacts normal olfactory function with suggestions that olfactory loss may be a biomarker for AD and cognitive decline (Wesson et al., 2010; Woodward et al., 2015) .
Discussion
Analysis of the Richness of each of the writer's novels using a Mann-Whitney U-Test highlighted significant differences in the lexical repetition of Iris Murdoch's works in the last 12 years of her writing (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . However, there were no significant differences in the works of P.D. James 12 years before her While there are no prior documented links to the Sensory variable and Dementia or AD, we test this and the five Sensory elements (VAHOG) for indications. We found that overall, Iris Murdoch's Sensory mean in the period 12
Years before her diagnosis of AD is higher, while P.D. James is lower than their earlier work, and these two groups are significantly different for both writers.
Comparisons of the underlying five sensory variables for Iris Murdoch and P.D.
James (see Table 4 ) highlight the means of the sensory elements (V, A, H, & G)
were higher in the period 12 years before Iris Murdoch's diagnosis of AD. The
Olfactory element was the exception. However, all of P.D. James Visual, Auditory, Haptic, Olfactory, and Gustatory (VAHOG) elements were lower in the 12 Table 3 ). Murdoch's depression and apathy have been well documented through her prolific habit of writing about herself throughout her life (Dooley & Nerlich, 2014; Martin & Rowe, 2010; Murdoch, 2016; Wilson, 2004) . Her sad decline into Alzheimer's disease has also been recorded by her husband (Bayley, 1998; 1999) .
Both Richness and POS analysis supported by
We have stated earlier that there is a strong link between depression and apathy in dementia and particularly AD. It is known that while a depressed mood and apathy alter brain function in the prefrontal limbic network, and that it overlaps regions dealing with olfaction, such that depression can reduce olfactory ability (Croy et al., 2014) .
A limitation to this longitudinal study is that it is the writing of only two authors and is not sufficient enough to suggest that AD, or indeed depression or apathy can be determined from the sensory writing of individuals. However, in this new approach to identifying the style of a person's writing using sensory adjectives, there were clear differences between both author's works in their last 12 years that warrants further study of other known authors who developed dementia.
Conclusion
In a study of two highly creative and prolific authors, we have been able to draw on a more complete set of novels than that used by Garrard et al. (2005) Figure S1 . Iris Murdoch Content Words POS Mean with Standard Error bars. We see the aggregated Content Words part-of-speech is higher than the earlier work for the 12 year period before the diagnosis of AD, and there is no overlap between the Standard Error means. There is more variability in the 12 years period (25.6 versus 18.2). Figure S2 . Iris Murdoch Function Words POS Mean with Standard Error bars. We see the aggregated Function Words part-of-speech is part-of-speech is lower than the earlier work for the 12 year period before the diagnosis of AD, and there is no overlap between the Standard Error means. There is more variability in the 12 years period (25.6 versus 18.2). Figure S3 . P.D. James Content Words POS Mean with Standard Error bars. We see the aggregated Content Words part-of-speech is higher than the earlier work for the 10 -12 year period before death, and there is no overlap between the Standard Error means. There is less variability in the 10 -12 years period (13.28 versus 14.81). Figure S4 . P.D. James Function Words POS Mean with Standard Error bars. We see the aggregated Function Words part-of-speech is lower than the earlier work for the 10 -12 year period before the diagnosis of AD, and there is no overlap between the Standard Error means. There is less variability in the 10 -12 years period (13.28 versus 14.81). Submit or recommend next manuscript to SCIRP and we will provide best service for you:
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